Insights into activation and RNA binding of trp RNA-binding attenuation protein (TRAP) through all-atom simulations.
Tryptophan biosynthesis in Bacillus stearothermophilus is regulated by a trp RNA binding attenuation protein (TRAP). It is a ring-shaped 11-mer of identical 74 residue subunits. Tryptophan binding pockets are located between adjacent subunits, and tryptophan binding activates TRAP to bind RNA. Here, we report results from all-atom molecular dynamics simulations of the system, complementing existing extensive experimental studies. We focus on two questions. First, we look at the activation mechanism, of which relatively little is known experimentally. We find that the absence of tryptophan allows larger motions close to the tryptophan binding site, and we see indication of a conformational change in the BC loop. However, complete deactivation seems to occur on much longer time scales than the 40 ns studied here. Second, we study the TRAP-RNA interactions. We look at the relative flexibilities of the different bases in the complex and analyze the hydrogen bonds between the protein and RNA. We also study the role of Lys37, Lys56, and Arg58, which have been experimentally identified as essential for RNA binding. Hydrophobic stacking of Lys37 with the nearby RNA base is confirmed, but we do not see direct hydrogen bonding between RNA and the other two residues, in contrast to the crystal structure. Rather, these residues seem to stabilize the RNA-binding surface, and their positive charge may also play a role in RNA binding. Simulations also indicate that TRAP is able to attract RNA nonspecifically, and the interactions are quantified in more detail using binding energy calculations. The formation of the final binding complex is a very slow process: within the simulation time scale of 40 ns, only two guanine bases become bound (and no others), indicating that the binding initiates at these positions. In general, our results are in good agreement with experimental studies, and provide atomic-scale insights into the processes.